Corticotropin-releasing factor (CRF) functions as one of the major mediators of the mammalian stress response and appears to play a key role in the pathophysiology of mood and anxiety disorders. Small molecule CRF 1 receptor antagonists may represent a novel form of pharmacotherapy for these disorders. The therapeutic success of CRF 1 receptor antagonists will depend, in part, upon whether tolerance develops to the actions of these compounds and whether appropriate patterns of HPA axis function is maintained. This study evaluated the effects of long term (~4 week) treatment with the CRF 1 receptor antagonist R121919, on CRF receptor function, HPA axis activity, behavioral measures, adrenal gland size, and body weight gain.
Introduction
Corticotropin-releasing factor (CRF) is a 41 amino acid-containing neuropeptide neurotransmitter/ hypothalamic hypophysiotropic factor that functions as the major physiological mediator of the mammalian stress response. CRF neurons in the paraventricular nucleus of the hypothalamus as well as extrahypothalamic CRF neuronal populations throughout the brain coordinate the behavioral, endocrine, autonomic and immune aspects of the stress response.
Over the past two decades, a burgeoning database derived from several laboratories have revealed that CRF administered directly within the central nervous system (CNS) produces many of the behaviors reminiscent of those observed in patients with major depression and anxiety disorders. These include, but are not limited to, increased anxiety, decreased appetite, decreased sexual activity, disrupted sleep and altered locomotor activity (see (Holsboer and Ising, 2008; Stahl and Wise, 2008 ) for reviews). Clinical studies have generated results consistent with the preclinical studies implicating the involvement of hypothalamic and extrahypothalamic CRF systems in the pathophysiology of depression. Numerous studies have demonstrated elevated CRF concentrations in the cerebrospinal fluid (CSF) of patients suffering from depression (Arborelius et al., 1999) . Elevated cisternal CSF CRF concentrations have also been detected in depressed suicide victims (Arato et al., 1989) . Postmortem studies of CRF receptors (Merali et al., 2004; Nemeroff et al., 1988) , CRF (Merali et al., 2006) , and CRF mRNA expression (Bao et al., 2007; Raadsheer et al., 1995) also provide evidence of CRF hypersecretion in depression. Moreover, there are a number of studies showing evidence for hypothalamic-pituitaryadrenal (HPA) axis hyperactivity in depression (Coplan et al., 1996; Holsboer et al., 1995; Holsboer et al., 1987; Nemeroff, 1999) .
By the late 1980s, a number of research groups, including our own, had hypothesized that a small molecule CRF receptor antagonist with oral bioavailability that readily penetrates the blood-brain barrier might represent a novel class of antidepressant and/or anxiolytic agents. CRF 1 receptor antagonists possess activity in many different laboratory animal paradigms for detecting clinically effective antidepressants or anxiolytics including foot shock (Mansbach et al., 1997) , restraint stress (Gully et al., 2002; Heinrichs et al., 2002; Li et al., 2003) , learned helplessness (Mansbach et al., 1997) , defensive withdrawal (Arborelius et al., 2000; Heinrichs et al., 2002; Li et al., 2003) , and increases in alcohol consumption following acute stress (Gilpin et al., 2008; Lowery et al., 2008) . A limited number of studies have investigated the behavioral effects of CRF 1 receptor antagonists in humans. An initial open-label study in humans suggested that CRF 1 receptor antagonists can indeed be efficacious in the treatment of depression with reductions observed in severity of both depressive and anxiety symptoms (Zobel et al., 2000) . A later clinical study with the CRF 1 receptor antagonist CP-316,311 was terminated early due to lack of efficacy of this compound in the treatment of major depression (Binneman et al., 2008) .
If CRF antagonists are efficacious in the treatment of depression and anxiety, they will be administered both acutely and utilized chronically. Although a number of laboratory animal studies have suggested that acute blockade of CRF 1 receptors produces anxiolytic and antidepressant effects, it is important to determine that chronic administration does not lead to tolerance to the therapeutic, i.e. anxiolytic/antidepressant effects, of this novel class of agents. Pharmacological theory suggests that persistent blockade of a receptor may cause alterations (e.g., upregulation) of either the neurotransmitter and/or its receptor density which could limit the usefulness of this class of compound and/or lead to potential serious side effects if the drug were abruptly withdrawn. Because corticosterone concentrations are under tight physiologic regulation, it is crucial to determine what HPA axis changes, if any, occur following prolonged blockade of the CRF 1 receptor. The goal of these studies was to evaluate the effects of long term (4 week) blockade of CRF 1 receptors on CRF receptor function, HPA axis activity, behavioral measures, adrenal gland size, and weight gain. It is clearly of paramount importance to establish whether chronic administration of R121919 results in tolerance to its anxiolytic effects and/or produces disturbances in HPA axis function. Chronic complete blockade of the HPA axis could have significant deleterious consequences, resulting in Addisonian-like crisis in times of acute stress. Tissue from these animals was also analyzed to determine if chronic CRF 1 receptor blockade produces alterations in the pattern of mRNA expression of CRF, urocortin, and the CRF 1 and CRF 2 receptors. These results are a logical follow up to our previous studies with R121919 in which acute administration did not alter basal HPA axis measures but reduced ACTH and corticosterone responses to an air puff stressor and produced an anxiolytic-like effect in the defensive withdrawal paradigm .
Materials and Methods

Experimental Design
Animals were administered R121919 (NBI-30775) via an Alzet minipump (2ML4) for 31 days based on estimated final body weights. Though these pumps are rated for 4 weeks of administration, we routinely use them in our lab for 4.5-5 weeks as the reservoir volume of 2 mL's and a flow rate of 60 µL/day allows for reliable drug delivery past the nominal 4 weeks. Drug was loaded into the pumps at a concentration designed to deliver 20 mg/kg/day based on a final body weight of ~ 425 g.
On day 22, rats were implanted with an intravenous (iv) jugular catheter as described below, and following recovery from the anesthetic, housed singly until the end of the experiment. Five days later the animals were subjected to an air puff startle stressor, and blood samples were collected via the iv catheter over a 90-minute period following the air puff. Basal serum ACTH and corticosterone (CORT) concentrations were also measured in an additional blood sample obtained 30 minutes before the initiation of the air puff. Animals were tested in the defensive withdrawal paradigm three days later, and then killed on the 31 st day after pump implantation. Animals were killed via iv euthanasia solution (FatalPlus, Vortech Pharmaceuticals, Dearborn, MI), and trunk blood collected to determine serum R121919 concentrations. The adrenal glands were dissected, carefully removed from all adjoining fatty tissue, and weighed.
Animals
Male Sprague-Dawley rats (~225 g on arrival; Harlan, Alabama) were housed two per cage unless otherwise noted, with food and water available ad libitum, in an environmentally controlled animal facility with a 12 hour light/dark cycle (lights on at 0730 hours). Animals were allowed at least 7 days to acclimate to the animal facility prior to initiation of experimentation. There were a total of 12 vehicle treated animals and 12 R121919 treated animals in the initial experimental groups. The Emory University Institutional Animal Care & Use Committee approved all of the animal protocols utilized in these studies. Animals were maintained in accordance with the NIH Guide for the Care and Use of Laboratory Animals.
Drug Preparation
R121919 was dissolved in a vehicle consisting of 5% v/v polyethoxylated castor oil (Alkamuls EL-620; Rhone-Poulenc) in 0.3% tartaric acid (Sigma, St. Louis) and placed into Alzet 2ML4 osmotic minipumps (Alza Corp., Cupertino, Calif., USA) at a concentration sufficient to deliver 20 mg/kg per day for 31 days calculated based on an estimated final animal weight of ~ 425 g. The solution was sonicated for at least an hour with the addition of glacial acetic acid (approximately 15-20 µL in a volume of 4-5 mL of solution) until the powder was completely in solution. Both the vehicle and the antagonist used in the studies were adjusted to a final pH ~ 4.5. R121919 was a gift of Janssen Pharmaceuticals (Beerse, Belgium).
Minipump Implantation
Prior to implantation, the minipumps were primed overnight in 0.9% saline at room temperature. Under methoxyflurane anesthesia, the minipumps were implanted subcutaneously, through an incision made between the scapulae, as described in detail by Owens et al. (1991) . The rats were handled and weighed daily, and the pumps manipulated to prevent the growth of fibrous adhesions around the minipump (Tanay et al., 1996) .
Air Puff Startle
Rats were prepared with an indwelling jugular catheter 5 days prior to the air puff startle and subsequently housed singly. The procedure has been described in detail elsewhere (Thrivikraman et al., 2002) . Three days after surgery, the animals were moved from their cage into polyethylene buckets (28 cm in diameter and 37 cm high) with food and water available ad libitum. The animals were weighed and then allowed to acclimate to the bucket for 2 days prior to testing. The bucket was used to allow convenient access to the jugular cannula for blood sampling.
Experiments were performed between 09:00 and 13:00h. On the morning of the experiment, jugular cannula were connected to 50 cm tubing extension (PE50; VWR, Atlanta) containing heparanized saline (20 IU/ml), connected to 1-cc syringes, and extended outside the bucket. Prior to the initiation of the air puff startle (APS), a blood sample (300 µL) was obtained to determine basal serum ACTH and CORT concentrations. APS was applied in repeated blocks from a pressurized air can (50-65 psi), directed towards the side of the head of the rat, and applied from a distance of 10-20 cm. Each air puff consisted of three 1-second bursts over a 5-s period; a total of three sets of bursts, separated by one minute, were applied resulting in a total of 9 bursts of air. Additional blood samples were collected at 5, 10, 15, 30, 60, and 90 minutes after beginning the air puff.
Defensive Withdrawal
The rats were handled daily prior to the experiments in order to rotate the Alzet mini pumps. All experiments were conducted between 08 00 and 13 00 h which allowed the blood sample for serum ACTH and CORT concentrations to be obtained at a similar time of day as the air puff experiments and before the normal rise in corticosterone that occurs in the evening in rodents.
For the defensive withdrawal experiments, a 100 cm X 100 cm white-plexiglass arena with 50 cm high walls was used. The bottom of the arena was painted a flat-gray and grid lines were drawn at 20 cm intervals to facilitate scoring. On testing day, the light level was adjusted to 600-750 lux across the entire arena using a lightmeter (VWR Scientific, Atlanta, GA). To begin the trial, the rat was placed in front of a black PVC tube (10 cm in diameter X 21 cm in length, closed at one end) and allowed to walk in unassisted. The tube was then placed into the field at a distance of 20 cm from a corner, with the open end of the tube facing the corner. Each trial lasted 15 minutes and was videotaped. Following the conclusion of the trial, blood was collected via the indwelling IV cannula to evaluate the stress responsivity of the HPA axis Whole blood was collected in 1.5 mL microcentrifuge tubes and glass Vacutainer tubes containing EDTA (Beckon Dickinson, NJ) on ice for CORT and ACTH measurements, respectively. Blood samples were centrifuged (3100 × g CORT/ 1900 × g ACTH, 10 min, 4°C), and the plasma and serum was collected and stored at −80°C until ACTH and CORT determinations were performed (Thrivikraman and Plotsky, 1993) .
ACTH was measured in samples of rat plasma by a two site immunoradiometric assay (Nichols Diagnostics, San Juan Capistrano, CA) with coefficient of variation of 5% and sensitivity of 1 pg/ml. Corticosterone was assayed in samples of rat serum by a double antibody RIA (ICN Biomedical, Costa Mesa, CA) with a coefficient of variation of 6% and a sensitivity of 1.2 ng/ml.
Elevated plus maze
The elevated plus maze consisted of two 50 cm enclosed arms (i.e., arms with 40 cm high walls at the sides), and two 50 cm open arms (i.e., arms with no walls at the sides). The four arms were arranged in a cross pattern extending out from a common 10cm × 10cm platform at the center where all arms met. The floor of the maze was mounted at a height of 50 cm above the floor of the room. Testing was conducted under low ambient lighting, and was approximately 75 lux. All testing on the elevated plus maze took place late in the light phase of the light/dark cycle (i.e., between 14:00 and 17:00 h) as we have found these conditions to produce the most consistent behavioral results in our laboratory. Animals were tested between 12 and 14 days after pump implantation. The test was begun by placing the animal on the central platform of the maze facing into a closed arm. Animals remained on the plus maze for 5 minutes. Between testing of each animal, the maze was thoroughly cleaned with 70% ethanol. All sessions were videotaped for subsequent analysis.
In situ Hybridization
Serial coronal brain sections (15 or 20 µm) were sliced on a cryostat at −17°C, thaw mounted onto SuperFrost Plus slides (Fisher, Pittsburgh PA) under RNAse-free conditions, and stored with Humi-Cap desiccant capsules (Gibco BRL Products, Grand Island NY) at −80°C until the assay. In situ hybridization was performed according to the procedures described by Simmons et al. (1989) with minor modifications. We have described the specifics of the protocol in detail elsewhere .
CRF Receptor Autoradiography
Using the atlas of Paxinos and Watson (1986) , brains from the restraint stress and defensive withdrawal studies were sectioned at the level of the prefrontal cortex and lateral septum in order to determine CRF 1 and CRF 2 receptor binding, respectively. The prefrontal cortex has been shown via in situ hybridization to predominantly express CRF 1 receptors, whereas the lateral septum only expresses CRF 2 receptors in rodents (Van Pett, 2000) . For both experiments, 15 µm brain sections containing the prefrontal cortex and the lateral septum were sectioned at approximately −20°C and mounted on Superfrost Plus Slides (Fisher Scientific, Pittsburgh, PA) and stored at −80°C until the assay which is described in detail elsewhere .
Image Analysis
Images from the receptor autoradiography films were digitized with a Dade-MTI CCD-72 (Michigan City, IN) image analysis system equipped with a Nikon camera. Semiquantitative analysis was performed using AIS software (version 4.0, Imaging Research, Inc.; Ontario, Canada). Optical densities were calibrated against coexposed [ 125 I]-microscale standards (Amersham, Piscataway, NJ) and expressed in terms of nCi/g of tissue equivalent. In all cases, 3 to 4 sections per region were matched for rostrocaudal level according to the atlas of Paxinos and Watson (1986) and used to produce a single value for each animal. For each region analyzed, 3-5 sections were analyzed and averaged together to generate a single optical density reading for each region for each animal.
Defensive Withdrawal Behavioral Analysis
Latency to exit the tube was determined by recording the time of onset of the first 4-paw transition from inside the tube into the arena. The rat was considered to have returned to the tube when it had completely returned to the tube interior. The time of each excursion was then summed and subtracted from the number of seconds of the experiment (900) to determine the total time spent inside the tube. The sessions were videotaped, and then analyzed separately by two experienced raters who were blind to treatment. The interrater reliability was greater than 0.9.
Statistics
Significant differences were evaluated by one-or two-tailed t-tests or one-way ANOVA followed by Student-Newman-Keuls (SNK) post hoc analysis as appropriate. ACTH and CORT concentrations were log 10 transformed before statistical analysis. All data are expressed as the mean ± SEM. All statistics were performed using SigmaStat (V2.03, SPSS Science, Chicago, IL).
Results
ex vivo receptor binding
Receptor autoradiography was performed on brain tissue at the level of the lateral septum. Because the animals were treated with R121919 for several weeks, sauvagine binding would be expected to be reduced if R121919 is present in sufficient concentrations to occupy CRF 1 receptors in vivo. There was a significant reduction in [ 125 I]-sauvagine binding in animals treated with R121919 (115.4 ± 13.6 Relative Optical Density Units (RODU) for control vs 63.12 ± 16.8 RODU for R121919 treated animals, ~50% mean reduction in CRF 1 receptor binding, p=0.02, two tailed Students t-test) suggesting that R121919 was present in concentrations sufficient to attenuate 125 I-sauvagine binding. Sauvagine binding was not restored even after the sections were preincubated for 4 hours at 37°C (data not shown), suggesting bound R121919 does not readily dissociate from the receptor. There were no significant changes in CRF 2 receptor binding in the lateral septum (p=0.3678).
Body Weight Gain
There was no effect of R121919 on final body weight with a final weight for the vehicle treated animals of 392.1g ± 8.9 (n=10) and 387.0g ± 5.8 (n=14) for the 20 mg/kg group (p=0.64).
Adrenal Gland Weights
R121919 treatment did not significantly alter adrenal gland weight after 31 days of treatment. Mean adrenal gland weight in the vehicle group was 59.8 mg ± 2.9 mg (n=10) and 64.9 ± 3.0 mg (n=12) in animals treated with 20 mg/kg of R121919 for 31 days (p=0.24).
Hormone Measures
Basal
Values-Basal serum ACTH and CORT concentrations were measured in blood samples obtained from the iv catheter 30 minutes prior to the air puff stress, administered on the 25 th day of R121919 administration. Chronic R121919 administration did not significantly alter basal serum ACTH or CORT concentrations (See Figure 1) . Mean ACTH concentrations were 8.4 ± 1.8 pg/ml and 9.5 ± 1.8 pg/ml for the vehicle and 20 mg/ kg groups, respectively (p=0.67). Mean corticosterone concentrations were for 6.4 ± 3.0 ng/ ml and 7.6 ± 4.6 ng/ml for the vehicle and 20 mg/kg group, respectively (p=0.84)
ACTH and CORT response to a behavioral stressor (Defensive
Withdrawal)-Blood samples were obtained via the iv catheter immediately after the defensive withdrawal. R121919 did not significantly attenuate either the ACTH (95.9 ± 24.7 pg/ml for vehicle and 154.5 ± 51.8 pg/ml for the 20 mg/kg group, p=0.321) or corticosterone (130.3 ± 30.6 ng/ml for vehicle and 137.5 ± 20.ng/ml for the 20 mg/kg group, p=0.84) response to defensive withdrawal (See Figure 1) .
ACTH/Corticosterone response to air puff startle-
The ACTH and corticosterone responses to an air puff startle are presented in Figure 2 . ACTH and CORT responses to air puff startle were non-significantly attenuated by R121919, although the overall curve suggests a non-significant decrease in both these parameters following R121919 administration. A repeated measures ANOVA analyzing the CORT response to airpuff startle with time and drug exposure as factors indicated a significant effect of time (p<0.0001, F=13.98, df=7), no significant effect of drug (p=0. 16, F=2.148, df=1) and no interaction between drug exposure and time (p=0.66, F=0.72, df=7) . Similarly, a repeated measures ANOVA analyzing the ACTH response to airpuff startle with time and drug exposure as factors indicated a significant effect of time (p=0.002, F=3.53 df=7), no significant effect of drug (p=0.49, F=0.50, df=1) and no interaction between drug exposure and time (p=0.50, F=0.91, df=7 ). An area under the curve analysis (AUC) failed to detect any significant differences in ACTH (p=0.60) or CORT (p=0.44) response to the air puff startle.
Behavioral Experiments
Defensive Withdrawal-
The results from the defensive withdrawal tests are presented in Figures 3. R121919 significantly increased the total time spent in the arena 52.2 ± 12.6 s for vehicle treated animals vs 138.6 ± 32.6 s for R121919 treated animals (p=0.016). R121919 did not significantly decrease latency to exit the defensive withdrawal tube (372.9 ± 63.5 s for vehicle treated animals vs 235.9 ± 46.0 s for R121919 treated animals, p=0.11).
Elevated plus maze-Total % of time spent on
the open arms in the elevated plus maze was not signicicantly different between the groups (2.43% ± 1.0 for control animals vs 4.75% ± 1.7 for R121919 treated animals, p=0.30).
3.5.2
In situ hybridization-Several key regions known to contain CRF, urocortin, CRF 1 or CRF 2 receptors were analyzed for changes in mRNA concentrations. The regions surveyed are presented in Table 1 and representative in situ hybridization images are presented in Figure 4 . A significant increase in CRF peptide mRNA expression was detected in the PVN (759.6±42.1 Relative Optical Density Units (RODU) for control animals vs 921.6±31.6 RODU for R121919 treated animals, ~20% increase, p= 0.005), and a significant decrease in CRF peptide mRNA was measured in the central nucleus of the amygdala (260.7±12.3 RODU for control animals vs 223.1±17.8 RODU for R121919 treated animals ~15% decrease, p=0.045). No significant alterations in CRF 1 mRNA (107.9±8.8 RODU for control vs 111.4±5.7 RODU for R121919 treated ainmals) were detected in the parietal cortex , no urocortin mRNA (1101.6 ± 121.8 RODU for control vs 1104.9±98.4 RODU for R121919 treated animals) changes were detected in the Edinger Westphal nucleus, nor were any CRF 2 receptor mRNA changes detected in the ventromedial hypothalamus (54.7±3.9 RODU for control vs 58.8±8.4 RODU for R121919 treated animals).
Discussion
Chronic CRF 1 receptor antagonism via R121919 reduced measures of anxiety after chronic administration as assessed in the defensive withdrawal paradigm. While both ACTH and CORT concentrations appeared attenuated following an air-puff startle, this effect was not significant. Basal plasma ACTH and serum CORT concentrations were also unaffected as a result of persistent CRF 1 receptor antagonism. The importance of these results cannot be underestimated with respect to the ultimate clinical utility of this medication class. Overall our results are similar to an earlier similarly designed study where we investigated the results of acute treatment with R121919; in that study similar anxiolytic-like effects were observed (i.e., increase in time spent in the defensive withdrawal arena), although in the previous study the decreases in ACTH and CORT responses to the air puff startle reached significance . Of note, no change in time spent on the open arms in the elevated plus maze were detected following chronic R121919 administration, although as we and others have noted previously (Gutman et al., 2008) , there is considerable variability in the activity of CRF receptor antagonists in this particular paradigm.
The results from our initial acute dosing study would suggest concentrations of R121919 sufficient to produce behavioral responses should also blunt HPA-axis responsiveness. Though it did not reach significance, the endocrine response to the air-puff startle stress in animals treated with 20 mg/kg/day of R121919 was attenuated. One possible explanation for the near normal HPA-axis function is that the upregulation of hypothalamic CRF mRNA (~20%) resulted in increased CRF release from the hypothalamus, overcoming any effects of pituitary CRF 1 receptor blockade in the PVN to produce sufficient ACTH release. Concomitant increases in CRF 1 receptor density in the pituitary and/or increased sensitivity of pituitary corticotrophs can also not be ruled out. Increased sensitivity of the adrenal gland to ACTH can also not be ruled out, although adrenal gland weight was not significantly increased in chronically treated animals suggesting no significant adrenal hyperplasia. This may also simply reflect a lack of power due to the relatively large variability in individual animal ACTH/CORT responses. However of note the ACTH/CORT responses largely parallel the results seen in a clinical trial with the CRF 1 receptor antagonist NBI-34041 in humans. In this study a TRIER Social Stress Test was administered to study participants, and the resulting ACTH/CORT responses were monitored following this psychological stressor . Similar to our results, basal ACTH/CORT were also not significantly altered following CRF 1 receptor antagonist treatment. Zobel et. al (2000) also observed that the ACTH and cortisol response to an exogenous CRF challenge remained intact in depressed inpatients treated with R121919 (Zobel et al., 2000) .
The observed decrease in CRF mRNA in the CeA observed in the chronically dosed animals may also be responsible, in part, for the anxiolytic effects seen in the current study. The central nucleus of the amygdala is the primary output nucleus of the amygdala, and reduced CRF mRNA production and likely decreased CRF output, would be expected to reduce measures of anxiety (Funk et al., 2006; Liang et al., 1992) . However the specific target nucleus associated with the reduction in anxiety seen in the defensive withdrawal paradigm can not be directly inferred from this study, as the dosing method used in this study produces CRF 1 receptor blockade throughout the entire brain. The mean receptor occupancy determined in this study (~50% receptor occupancy) is consistent with the receptor occupancy needed to produce significant effects in the defensive withdrawal paradigm in a study that directly measured brain receptor occupancy with the CRF 1 receptor antagonist DMP696 (Li et al., 2003) , suggesting our dosing regimen was appropriate. Of note, following acute treatment with R121919, Post et al (2005) showed upregulation of CRF 1 mRNA in the amygdala, however this was after a single dose and was only noted at 1 out of the 3 doses tested, making direct comparison to these results difficult.
Our results are also largely consistent with previously published reports with CRF receptor antagonists after chronic administration. We have previously reported (Arborelius et al., 2000) that CP-154,526 significantly decreased defensive withdrawal behavior after 9 days of treatment (3.2 mg/kg/day). No changes in CRF 1 mRNA expression were observed in parietal cortex, basolateral amygdala, or cerebellum after chronic treatment; though a dosedependent decrease in CRF mRNA expression was observed in the PVN and Barrington's nucleus. It is unclear if this discrepancy is related to nonspecific or unique effects of CP-154,526, because the highest dose of this drug was associated with toxicity.
Several other studies in which CRF receptor antagonists were administered chronically have also not detected major alterations in body weight or endocrine parameters. Long term treatment with antalarmin, a methyl analog of CP-154526, (20 mg/kg intraperitoneally once per day for 11 days) decreased basal plasma ACTH and corticosterone concentrations, but did not alter body weight, blood glucose, or leptin levels (Bornstein et al., 1998) . Similarly, antalarmin treatment (20 mg/kg; ip; twice daily × 8 weeks) decreased basal plasma ACTH and corticosterone concentrations in rats (Wong et al., 1999) . Eight week treatment did not attenuate the ACTH/CORT response to an acute stressor, indicating it does not cause stressinduced adrenal insufficiency. Ten days of treatment with CRA1000 significantly decreased locomotor activity in the dark phase of the diurnal cycle, without altering weight gain, food or water intake, or plasma ACTH or CORT concentrations in rats (Ohata et al., 2002) . Moreover, HPA axis reactivity was not altered following an acute immobilization stress in chronically treated (10 days) rats. Oshima et. al (2003) also reported that chronic administration of R121919 in mice using similar doses to those reported in this study (10-20 mg/kg/day) resulted in no significant changes in HPA axis reactivity to a novel stressor (swim stress) following 15 days of treatment.
Conclusion
In conclusion, our results suggest that anxiolytic effects of chronic CRF 1 receptor antagonism persist following chronic administration, i.e. that there is no therapeutic tolerance to the behavioral effects of this compound after repeated administration. Moreover, chronic treatment does not significantly alter basal or stress-induced HPA axis activity, suggesting there is a low likelihood that long term administration of this class of compounds will lead to an undesirable outcome of HPA suppression, such as adrenal insufficiency.
Abbreviations
CeA
Central nucleus of the amygdala CNS ACTH and corticosterone response to an air puff startle following 25 days of R121919 (20 mg/kg/day) treatment. [A] Total time spent out of the tube during a 15 minute defensive withdrawal. Chronic R121919 (20 mg/kg/day) administration significantly increased the total time spent in the arena (p=0.016).
[B] R121919 did not significantly attenuate the latency to enter the arena (p=0.108) s=seconds 
